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ABSTRACT
We present a systematic study of the diffuse ionized gas (DIG) in M83 and its ef-
fects on the measurement of metallicity gradients at varying resolution scales. Using
spectrophotometric data cubes of M83 obtained at the 2.5m duPont telescope at Las
Campanas Observatory as part of the TYPHOON program, we separate the Hii re-
gions from the DIG using the [SII]/Hα ratio, HIIphot (Hii finding algorithm) and the
Hα surface brightness. We find that the contribution to the overall Hα luminosity is
approximately equal for the Hii and DIG regions. The data is then rebinned to simu-
late low-resolution observations at varying resolution scales from 41 pc up to 1005 pc.
Metallicity gradients are measured using five different metallicity diagnostics at each
resolution. We find that all metallicity diagnostics used are affected by the inclusion
of DIG to varying degrees. We discuss the reasons of why the metallicity gradients are
significantly affected by DIG using the Hii dominance and emission line ratio radial
profiles. We find that applying the [SII]/Hα cut will provide a closer estimate of the
true metallicity gradient up to a resolution of 1005 pc for all metallicity diagnostics
used in this study.
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1 INTRODUCTION
The gas-phase metallicity of a galaxy is strongly affected
by the processes that occur during the galaxy’s evolution.
Gas inflows, galaxy mergers and galactic winds are a few
examples of events that alter the spatial metallicity distri-
bution. Measuring the metallicity of a galaxy therefore leads
to strong constraints on its growth and formation. Many
studies have shown that isolated spiral galaxies exhibit a
characteristic metallicity gradient when normalized by the
disc scale length (Sa´nchez et al. 2012, 2014; Ho et al. 2015;
Sa´nchez-Menguiano et al. 2016; Poetrodjojo et al. 2018).
This implies that galaxies tend to form along the same evo-
lutionary track if they are relatively unaffected by their envi-
ronment. Conversely, interacting galaxies consistently show
significantly shallower metallicity gradients than their iso-
lated counterparts (Kewley et al. 2010; Rich et al. 2012;
? E-mail: henry.poetrodjojo@anu.edu.au
Sa´nchez et al. 2014). This flattening is caused by a combi-
nation of many processes which stem from the gravitational
interactions between the galaxy pairs. Dilution of the metal-
rich centre caused by inflows of pristine gas from the out-
skirts of a galaxy is an example of how flattening can occur
in interacting galaxy pairs (Rupke et al. 2010; Kewley et al.
2010).
Advances in integral field unit (IFU) spectroscopy al-
low astronomers to spatially resolve detailed physical prop-
erties of individual galaxies. Using these spatially resolved
emission line spectra, we are able to produce the metallic-
ity map of a galaxy to great detail. Metallicity maps al-
low us to view the variations of metallicity within a galaxy
and to constrain the metallicity gradients with greater cer-
tainty rather than placing limited apertures throughout a
galaxy. Recently there have been several large scale IFU sur-
veys such as the Calar Alto Legacy Integral Field Area sur-
vey (CALIFA, Sa´nchez et al. 2012), the Sydney-Australian-
Astronomical-Observatory Multi-object Integral-Field Spec-
trograph survey (SAMI, Allen et al. 2015; Croom et al. 2015;
© 2018 The Authors
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Bryant et al. 2015) and the Mapping Nearby Galaxies at
APO survey (MaNGA, Bundy et al. 2015). The SAMI and
MaNGA surveys aim to observe ∼ 3600 and ∼ 10000 galax-
ies respectively, through the use of multiplexing technology
which allows them to view multiple galaxies at once. Such
studies greatly increases the number of observed galaxies,
and allow statistical studies of resolved properties like metal-
licity gradients to be determined (Sa´nchez et al. 2012, 2014;
Ho et al. 2015; Sa´nchez-Menguiano et al. 2016; Belfiore et al.
2017; Poetrodjojo et al. 2018).
The disadvantage of these large scale IFU surveys is
that, because of the wide field needed to sample multiple
galaxies at once, they often have seeing-limited spatial res-
olutions on the order of ∼ 1 − 2 kpc. Typical Hii regions
range from ten to hundreds of parsecs (Azimlu et al. 2011;
Gutie´rrez et al. 2011; Whitmore et al. 2011), much smaller
than the resolution of these large IFU surveys. This means
that the vast majority of resolution elements of the SAMI
and MaNGA data contain a mixture of emission from Hii
regions and surrounding diffuse ionized gas (DIG). Most
strong emission line metallicity diagnostics are generated on
the assumption that the emission lines are produced purely
from Hii regions. The contamination by DIG causes system-
atic variations in metallicity, which can cause the metallic-
ity gradient to be steepened or flattened depending on the
galaxy and metallicity diagnostic used (Zhang et al. 2017).
The diffuse ionized gas, also known as the Warm Ion-
ized Medium (WIM), has long been a region of interest in
nearby galaxies. It was first identified by Reynolds (1984) in
the Milky Way and was named the Reynolds layer. Further
studies have uncovered it has a significant contribution to
the overall luminosity of a galaxy as well as its prevalence in
most star-forming galaxies (Walterbos & Braun 1994; Fergu-
son et al. 1996; Hoopes et al. 1996; Greenawalt et al. 1998).
For a comprehensive review of the DIG, see Haffner et al.
(2009).
DIG is found within the plane of the galaxy disk as
well as above and below it, more specifically referred to as
the extraplanar diffuse ionized gas (eDIG) (Hoopes et al.
1999; Rossa & Dettmar 2003). One of the defining features
of the DIG are its enhanced emission line ratios includ-
ing [SII]/Hα, [NII]/Hα and [OI]/Hα relative to Hii regions
(Hoopes & Walterbos 2003; Madsen et al. 2006; Voges &
Walterbos 2006), which shifts the DIG towards the LINER
and AGN regions of the BPT diagram (Baldwin et al. 1981).
These variations in the emission line ratios combined with
its prominent contribution to the total emission line flux,
means that it can significantly alter the emission line prod-
ucts of a galaxy such as metallicity, ionization parameter and
star-formation rate calculations. In low-resolution observa-
tions such as those at high-redshift, large galaxy surveys and
aperture measurements, where the DIG can not be isolated
due to spatial resolution limitations, a contribution by the
DIG is inevitable.
The source of ionizing photons of the DIG is still a de-
bated topic with two likely explanations: leakage of ionizing
photons from Hii regions and ionization by low-mass evolved
stars. The spatial correlation of Hii regions and the DIG sug-
gests leaky Hii regions as a strong candidate for the source of
ionizing photons. Using the Survey for Ionization in Neutral
Gas Galaxies (SINGG) sample, Oey et al. (2007) found an
anti-correlation between the fraction of Hα surface bright-
ness from the DIG and the overall Hα surface brightness. A
mean fraction of 0.59± 0.19 was found with starburst galax-
ies (Σ(Hα) > 2.5 × 1039 erg s−1 kpc−2) containing the lowest
fraction of DIG. However, leaky Hii regions are unable to
fully reproduce the emission line spectrum that we see in
the DIG. In particular, Hii region photon leakage enhances
the [SII]/Hα, [NII]/Hα and [OI]/Hα emission line ratios, but
is unable to produce the [OIII]/Hβ emission line enhance-
ment (Zhang et al. 2017). It is likely that the DIG is ionized
by some combination of ionizing photons produced by leaky
Hii regions and low-mass evolved stars.
Gradient smoothing is another disadvantage caused by
the kiloparsec resolution scales of these low-spatial resolu-
tion IFU surveys. With large resolution scales of 1 − 2 kpc,
regions of high metallicity are mixed with regions of lower
metallicity, causing the overall smoothing of the metallic-
ity gradient. Yuan et al. (2013) demonstrated this flatten-
ing through annular binning and discussed the implications
for measuring metallicity gradients at high redshift using
the [NII]/Hα metallicity diagnostic (Pettini & Pagel 2004).
Mast et al. (2014) used galaxies from the PPAK IFS Nearby
Galaxies Survey (PINGS) and degraded the data to different
spatial resolutions and showed the flattening of the metal-
licity gradient at coarser resolution scales, simulating the
effects of observing at higher redshifts.
One way to obtain high resolution observations is to ob-
serve large nearby galaxies. The large angular size of nearby
galaxies allows for an intrinsically higher seeing limited phys-
ical resolution. However, because these galaxies tend to oc-
cupy a large area of the sky, the typical IFU field of view is
far too small to observe the entire galaxy.
TYPHOON/PrISM is a wide field spectrograph survey
which aims to produce highly spatially resolved spectropho-
tometric data of nearby galaxies. Instead of using fibre bun-
dles like large IFU surveys, TYPHOON uses a very long
18′ slit with a width of 1.65′′ and steps across the face of
the galaxy. By choosing nearby galaxies (z ≤ 0.005), TY-
PHOON is able to achieve seeing-limited resolutions of up
to 2 pc, with a median of 48 pc across their galaxy sample.
At these resolution scales we are able to resolve individual
Hii regions without any DIG contamination. When calculat-
ing metallicity gradients, we also avoid the smoothing that
occurs at coarser resolution scales.
In this paper, we use TYPHOON data to determine the
true metallicity gradient of M83/NGC5236 unaffected by
DIG contamination or spatial smoothing. We then degrade
the data to coarser resolution scales to show the systematic
flattening of the metallicity gradient and the implications
this will have on large scale IFU surveys. We discuss the
effectiveness of applying DIG corrections at low resolution
scales when measuring metallicity gradients.
We structure this paper as follows: in Section 2 we sum-
marise the properties of M83 and describe the TYPHOON
observations. We describe our procedures for rebinning the
native resolution data cube to coarser resolutions and dis-
cuss the various metallicity diagnostics we use in Section 3.
The results of our study are presented in Section 4 and we
discuss the implications our results will have on the inter-
pretation of coarse resolution data products in Section 5.
Finally in Section 6 we provide a brief summary and future
directions of the research involving the TYPHOON dataset.
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2 M83
2.1 Observations and Properties
M83/NGC 5236 is a nearby face-on barred spiral galaxy with
a galactocentric distance of 4.47 Mpc (Tully et al. 2008) with
a redshift of z = 0.001711. M83 was observed as part of the
TYPHOON program using the 2.5m du Pont telescope at
the Las Campanas Observatory in Chile. For full informa-
tion regarding the TYPHOON survey and instrument, see
Seibert et al. (in prep). The imaging spectrograph of TY-
PHOON, Wide Field reimaging CCD (WFCCD), is config-
ured to have a resolving power of approximately R≈ 850
at 7000 and R≈ 960 at 5577, covering a wavelength range
between 3650A˚to 8150. This allows us to completely sepa-
rate the [NII] emission lines from Hα, but does not provide
enough resolving power to fit multiple Gaussian components
to emission lines.
A total of 243 observations were spread during 9 nights
over 2 observing runs in May 2011 (5 nights) and February
2016 (4 nights). Each slit position was integrated for 600 sec-
onds before being moved by 1.65′′(width of the TYPHOON
slit) for the next integration. This process was repeated until
the optical disk of M83 was covered, resulting in an image
covering an area of 6.7′×18′. The data is then reduced using
standard long-slit data techniques and the final spectrum fit
using LZIFU (Ho et al. 2016) to produce emission line flux
datacubes.
In order to ensure the quality of the data over multiple
nights and observing runs, we employ strict observational
requirements. We only include data into the final datacube
when conditions are photometric with a seeing less than the
width of the slit at all times (seeing < 1.65′′). This means
that any emitted light is not being lost due to our narrow
slit width. The long length of the slit (18′) means that we
are able to utilise the upper and low portions not occupied
by the galaxy for calibration purposes. This allows us to cal-
ibrate each slit individually, ensuring consistent calibration
over the multiple nights which galaxies of the TYPHOON
survey are typically observed.
At the proximity of M83, the 1.65′′ slit gives us a native
resolution of 41 pc. Its proximity and face-on profile have
made it one of the most popular and widely studied galaxy
to date. This resolution scale allows us to separate Hii dom-
inated regions from DIG. A table of all intrinsic properties
used for this study are given in Table 1.
In Figure 1 we show the BVR composite image, Hα and
[SII]/Hα line ratio of M83 constructed from the TYPHOON
datacube. The bright hot spots that appear along the spiral
arms of the Hα image indicate the Hii regions where metal-
licity diagnostics are valid. We also see significant Hα detec-
tion in the inter-arm regions corresponding to emission from
the DIG. At the native resolution 41pc, we push down to a
detection limit of 5.4×10−17 erg/s/cm2/arcsec2 with a mean
noise level of 4.2×10−17 erg/s/cm2/arcsec2. As we degrade
the spatial resolution, we are able to push towards lower de-
tection limits but the boundary between the Hii regions and
DIG becomes blurred and can no longer be separated.
Observations of the DIG indicate that it is hotter and
lower ionization than nearby Hii regions, with increased
[SII]/Hα and [NII]/Hα ratios. The [SII]/Hα ratio is most
often used as a DIG indicator as it provides a clean separa-
tion between Hii regions and DIG regions (e.g. Blanc et al.
Name M83/N5236 Reference
Right Ascension 13h37m0.95s Dı´az et al. (2006)
Declination −29◦51′55.5′′ Dı´az et al. (2006)
Distance 4.47 Mpc Tully et al. (2008)
log(M∗/M) 10.55 Bresolin et al. (2016)
Effective Radius 196.7′′ Lauberts & Valentijn (1989)
Position Angle 44.9◦ Lauberts & Valentijn (1989)
Inclination 32.5◦ Lauberts & Valentijn (1989)
Table 1. Fundamental properties of M83 used in this study.
2009). The [SII]/Hα map in Figure 1 clearly shows a signif-
icant increase in [SII]/Hα in the inter-arm regions.
2.2 Previous Research
Due to its proximity, M83 has been a popular subject of
many studies over the years. Using strong emission line diag-
nostics by Kobulnicky et al. (1999), a shallow radial metallic-
ity gradient was reported by Bresolin & Kennicutt (2002) by
combining their own Hii region observations and those ob-
tained by Dufour et al. (1980) and Webster & Smith (1983).
A break in the metallicity gradient is observed in the ex-
tended disk of M83 beyond the R25 isophotal radius, where
the metallicity gradient becomes flat (Bresolin et al. 2009).
Using the ”counterpart” method, Pilyugin et al. (2012) was
unable to find solid evidence for a discontinuity between the
inner at outer disk of M83. They did however acknowledge
that the metallicity gradient did become flatter at the tran-
sition point.
With significant deviations in the metallicities measured
from different strong emission line diagnostics (Kewley & El-
lison 2008), Bresolin et al. (2016) provides stellar metallicity
measurements of blue supergiants within the inner disk of
M83. They find that the stellar metallicity measurements
are in good agreement with the Te-based metallicities. With
the exception of the ([OIII]/Hβ)/([NII]/Hα) metallicity di-
agnostic (Pettini & Pagel 2004), the strong emission line
diagnostics produce significantly different radial profiles to
those calculated by the Te method.
The presence of extra-planar diffuse ionized gas (eDIG)
in M83 was detected by Boettcher et al. (2017) using Markov
Chain Monte Carlo methods to decompose the Hii regions
from the eDIG using high spectral resolution observations
from the South African Large Telescope (SALT). Due to the
relatively low (R∼ 850) spectral resolution of TYPHOON,
we are unable to spectrally decompose the emission line
fluxes into multiple components and separate the eDIG from
the planar DIG. Although we are unable to separate the
eDIG from the DIG that exists in the midplane, Boettcher
et al. (2017) found that for M83, the DIG within the plane
of the disk was several orders of magnitudes brighter than
the extraplanar component. This means that any Hii regions
that we define in the plane of the disk will be relatively un-
affected by the presence of eDIG.
3 METHOD
3.1 Data Binning
Figure 2 shows the Hα image at each binned resolution scale.
An important feature of Figure 2 is the gradual blurring of
MNRAS 000, 1–24 (2018)
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Figure 1. Left : BVR composite image of M83 created from the TYPHOON datacube. The two red ellipses correspond to 0.5 and 1.5
Re of the galactic disk. Middle: Hα surface brightness map of M83 extracted by LZIFU in units of log(10
−17 erg/s/cm2/arcsec2). Right :
The [SII]/Hα emission line ratio map of M83. Diffuse ionized gas is known to have increased emission line ratios such as [SII]/Hα and
[NII]/Hα . As a result, [SII]/Hα is often used as a tracer for diffuse ionized gas.
the Hii regions. At the native resolution of 41 pc, the Hii
regions are clearly distinguishable from the DIG regions as
high surface brightness (red) spots mostly distributed along
the spiral arms. At the 150 pc resolution, most of the in-
dividual Hii regions are still distinguishable, but some of
the more densely packed Hii regions begin to merge. The
resolutions of 330pc and 502 pc are typical of the highest
resolution IFU galaxy surveys (eg. CALIFA). At these res-
olutions, Hii regions become completely merged with each
other and the spiral arm structure becomes the new Hii re-
gion boundary. At 502 pc we also see the boundary between
DIG and Hii regions begin to blur, suggesting increasing
DIG contamination. We would expect SAMI and MaNGA
on average to achieve resolutions on the scale of our final
panel at 1005 pc. Large morphological features such as the
strong spiral arms are no longer distinguishable at this level
and clearly distinguishing between DIG and Hii regions is
difficult. When working with data at this resolution, DIG
contamination is almost certain and thus needs to be taken
into consideration.
Our goal is to find a simple mechanism to remove
or minimise the effects of DIG from the determination of
metallicity and other emission line derived physical param-
eters. To do this we must first define the boundary be-
tween DIG and Hii regions. Previous studies have attempted
to define DIG by using Hα surface brightness (Zhang
et al. 2017), emission line ratios such as [NII]λ6583/Hα and
[SII]λλ6717, 6731/Hα (Blanc et al. 2009) and advanced Hii
region finding algorithms such as HIIphot (Thilker et al.
2000) and HIIexplorer (Sa´nchez et al. 2012). We apply
each of these methods to demonstrate the systematics in-
volved in Hii and DIG separation on emission line derived
physical parameters. We list the number of Hii and DIG re-
gion spaxels for each DIG classification scheme within 1.5
Re in Table 2. Before any of the emission lines are used for
defining Hii regions, we subtract the stellar continuum and
fit the strong emission lines using LZIFU. We describe the
LZIFU routine in more detail in Section 3.1.4. In the follow-
ing sections we describe our application of each Hii region
classification method.
3.1.1 Separation by Hα Surface Brightness
Individual Hii region sizes are typically on the order of tens
to hundreds of parsecs (Azimlu et al. 2011; Gutie´rrez et al.
2011; Whitmore et al. 2011) while the typical resolution of
multiplexing IFU surveys tend to have a spatial resolution
coarser than ∼ 1 kpc. This means that a clean separation
between Hii regions and DIG emission is difficult. While
Hii regions are typically orders of magnitude brighter than
DIG regions, the DIG covers a larger fraction of the galac-
tic disk. However the difference in surface brightness means
that a crude separation between Hii dominated spaxels and
DIG dominated spaxels is possible by looking at the surface
brightness alone.
Zhang et al. (2017) used galaxies observed by the
MaNGA survey to analyse the effects that the DIG has on
emission line ratios in MaNGA observations and its derived
properties. With a spatial resolution greater than ∼ 1 kpc,
they are unable to cleanly separate the Hii regions from the
MNRAS 000, 1–24 (2018)
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Figure 2. Hα map of M83 at different resolution scales. The spatial resolutions from left to right: 41 pc, 150 pc, 330 pc, 502 pc and
1005 pc. The gradual blurring of defined Hii regions and the merging of the spiral arms with the inter-arm regions can be clearly seen
in this figure.
DIG. Instead they analyse how the emission line ratios and
their products change with Hα surface brightness.
For this paper, we use the method outlined in Kaplan
et al. (2016) to determine the fraction of flux originating
from the Hii regions and the DIG. This method was first
developed by Blanc et al. (2009) and expanded by adding
a parameter to allow variation in the DIG surface bright-
ness due to the star-formation distribution. Using the as-
sumption that the brightest spaxels are dominated by Hii
emission and the dimmest spaxels are dominated by DIG
emission, Kaplan et al. (2016) determines a characteristic
[SII]/Hα emission line ratio for Hii and DIG regions. The
linear distance between the Hii characteristic [SII]/Hα and
DIG [SII]/Hα ratio determines the percentage of flux origi-
nating from each region. For example, if the Hii characteris-
tic [SII]/Hα = 0.2 and the DIG characteristic [SII]/Hα = 0.9,
a spaxel with [SII]/Hα = 0.55 would have equal contribution
of emission line flux from Hii regions and the DIG.
The fraction (CHii ) of emission originating from the
Hii regions is then mapped to the extinction corrected Hα
surface brightness (extinction correction method described
in Section 3.2.1) and fit using a function of the form:
CHii = 1.0 −
(
f0
f (Hα)
)β
(1)
where f0 is the threshold below which a spaxel is com-
pletely comprised of DIG and β allows for the variation in
DIG surface brightness. We fit both parameters using MP-
FIT(Markwardt 2009) and provide all values in Appendix
B. We define a Hii region to be a spaxel in which 90% of
its emission originates from Hii regions. This corresponds to
a Hα surface brightness cut-off of 1.86 × 10−15 erg s−1 cm−2
arcsec−2 at the native resolution of 41 pc.
3.1.2 [SII]/Hα Emission Line Ratio
Madsen et al. (2006) found a significant increase in the
[SII]/Hα and [NII]/Hα line ratio in the DIG components
of the Milky Way. The Hii regions had an average value of
[SII]/Hα = 0.12 and [NII]/Hα = 0.23, while the DIG re-
gions had an average value of [SII]/Hα = 0.38 and [NII]/Hα
= 0.83. However the [NII]/Hα line ratio has a larger scat-
ter than the [SII]/Hα line ratio, making it less reliable for
separating the Hii and DIG dominated regions.
Using the characteristic [SII]/Hα emission line ratio for
Hii and DIG regions determined previously, we linearly map
each spaxel to determine the fraction of emission produced
by Hii regions and the DIG. As with the Hα surface bright-
ness cut-off, we define a Hii region to be a spaxel in which
90% of its emission originates from Hii regions. A [SII]/Hα
cut-off of 0.29 is determined at the native resolution of 41
pc. That is, a spaxel with [SII]/Hα < 0.29 is classified as a
Hii region. Since Equation 1 essentially maps the [SII]/Hα
line ratio to Hα, classifying a spaxel as a Hii region or DIG
based on the Hα surface brightness or [SII]/Hα should be
exactly the same. However, the differences between the two
classification schemes exist because of the scatter around the
line of best fit as shown in Figure B1.
3.1.3 Hii Region Finding Algorithms
Hii region finding algorithms provide a way to systematically
define the boundaries of Hii regions, removing the individ-
ual biases that may be present when defining by eye. HIIex-
plorer is one such algorithm, used widely in many CAL-
IFA studies (Sa´nchez et al. 2012, 2014; Sa´nchez-Menguiano
et al. 2016). Thilker et al. (2000) presents HIIphot, a robust
and systematic method of determining Hii regions from the
Hα emission line. HIIphot first finds ’seed’ Hii regions and
then iteratively grows the seeds until the termination con-
dition is reached. HIIphot uses the slope of the Hα surface
brightness to determine whether it has reached the edge of
a Hii region. The seed threshold and termination conditions
of HIIphot are user defined, meaning that some subjectiv-
ity is inevitably present. We adjust the settings of HIIphot
to produce Hii region maps which match our expectations
and produce similar regions to the Hα surface brightness
and [SII]/Hα cut-off. The difference between HIIphot and
the other classification schemes lies within the ability of
HIIphot to produce smoother boundaries rather than the
sharp cut-offs present in the other two classifications.
MNRAS 000, 1–24 (2018)
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Figure 3. Maps of the three DIG classification schemes used in this paper. Left : Hii region classification using the [SII]/Hα emission
line ratio. [SII]/Hα < 0.29 is defined as Hii regions and [SII]/Hα > 0.29 is defined as DIG. Middle: Hii regions defined using a modified
version of HIIphot (Thilker et al. 2000). HIIphot determines Hii regions based on local Hα surface brightness profiles. Right : Hii regions
determined by a Hα surface brightness cut-off. Σ(Hα)> 1.86 × 10−15 erg s−1 cm−2 arcsec−2 is defined as Hii regions with anything less
being classified as DIG.
Number of Hii and DIG spaxels
Classification Scheme Hii DIG
[SII]/Hα 8823 (12%) 63288 (88%)
HIIphot 4215 (6%) 67896 (94%)
Hα SB 11280 (15%) 60831 (85%)
Table 2. The number of spaxels considered as Hii regions or
DIG regions within 1.5 Re based on the different Hii classification
schemes.
3.1.4 Hii Region and DIG Separated Cubes
Figure 3 shows the Hii region maps for each classification
scheme. The [SII]/Hα classification scheme produces Hii re-
gions which appear noisy due to its sharp cut-off. The spiral
arm structure is easily extracted using the [SII]/Hα emission
line ratio and identifies spaxels with low Hα surface bright-
ness. The HIIphot classification schemes produces much
smoother Hii regions compared to [SII]/Hα, with Hii re-
gions appearing rounder with defined borders. A significant
difference between regions defined by [SII]/Hα and HIIphot
occurs in the central section of M83. The [SII]/Hα classifica-
tion scheme has a smaller central Hii region than HIIphot,
signaling the presence of a high surface brightness region
with an enhanced [SII]/Hα emission line ratio. Finally, the
Hα surface brightness cut-off defines the most Hii region
spaxels and bridges all the HIIphot Hii regions together
due to its inability to distinguish the presence of high sur-
face brightness DIG regions.
For each Hii region classification scheme, we create two
additional datacubes: one that contains only emission from
Hii regions and one that contains only emission from the
rest of the original data cube, which we classify to be DIG.
We then rebin the original and each of these new data cubes
to lower resolution scales.
The rebinned Hii region data cubes are used to simulate
how pure spatial smoothing affects observations in the ab-
sence of DIG. However the rebinned cubes containing emis-
sion outside of the Hii regions not only contains the DIG
emission, but also includes low surface brightness (LSB) re-
gions that fall below the S/N cut at the native resolution. As
we rebin to lower resolutions, the LSB regions either merge
together with other LSB regions until they have a significant
enough S/N or contribute to DIG emission.
Each rebinned data cube is processed by LZIFU (Ho
et al. 2016). LZIFU extracts total line fluxes for the domi-
nant emission lines by fitting and subtracting the underly-
ing stellar continuum using ppxf (Cappellari & Emsellem
2004; Cappellari 2017) and the miuscat simple stellar pop-
ulation models (Vazdekis et al. 2012). The dominant emis-
sion lines are then fit using up to 3 Gaussian profiles with
the Levenberg-Marquardt least-squares method (Markwardt
2009). For this paper, we use the 1-component fits from LZ-
IFU for our analysis as including extra Gaussian compo-
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nents does not significantly improve the emission line fits due
to relatively low spectral resolution. LZIFU returns maps
of the flux and flux errors for each emission line, as well as
maps of the ionized gas velocity and velocity dispersion and
their associated errors (see Ho et al. (2016) for a detailed
explanation of the routine).
3.2 Metallicity Diagnostics
3.2.1 Extinction Correction
Before being used in diagnostic ratios, emission lines must
be first corrected for attenuation by dust in the interstellar
medium (ISM). The attenuation of emission lines is wave-
length dependent, meaning that emission line diagnostics
that use emission lines with wide wavelength differences are
most heavily affected such as N2O2, R23 and O32. To cor-
rect the emission lines, we apply a S/N cut of 3 and create
maps of the observed Balmer ratio, (Hα/Hβ)obs, and solve
for E(B-V) by using the relation:
E(B − V) = log10(
(Hα/Hβ)obs
(Hα/Hβ)int )/(0.4(k(Hβ) − (k(Hα)))) (2)
where (Hα/Hβ)int is the intrinsic ratio of 2.86 for case B
recombination (Osterbrock 1989). We use the Cardelli et al.
(1989) extinction curve and assume a typical R(V) value of
3.1 to determine k values for Hα and Hβ. We then use the
calculated E(B-V) to determine A(λ) at our emission line
wavelengths to de-redden the emission line fluxes. We apply
the extinction correction to the N2O2, R23 and O32 emission
line ratios.
We find an average E(B-V) of 0.61 for Hii regions and
0.80 for DIG regions, corresponding to an Av of 1.89 and 2.48
respectively assuming R(V)=3.1. This agrees with Tomicˇic´
et al. (2017), who found an increase in the [SII]/Hα with
Av for resolved spectra in M31. However, a large scatter
exists between [SII]/Hα and Av, leading to the trend being
relatively weak. The trend is largely driven by the physical
characteristics of the ISM such as gas-phase metallicity and
ionization parameter which may vary across a galaxy (e.g.
Tomicˇic´ et al. 2017).
3.2.2 N2O2
A popular metallicity diagnostic uses the ra-
tio between nitrogen and oxygen emission lines,
[NII]λ6583/[OII]λ3726, λ3729 (N2O2 Kewley & Dopita
2002, hereafter KD02). The main advantage to the N2O2
diagnostic is that because of the similar ionizing potentials
of the nitrogen and oxygen species, the diagnostic has very
little dependence on the ionization parameter, especially
at high metallicity values. Another benefit of the N2O2
diagnostic is that it appears to be one of the metallicity
diagnostics least affected by DIG contamination (Zhang
et al. 2017), making it ideal for low resolution data where
Hii regions can not be separated reliably from the DIG.
3.2.3 R23
The ([OII]λλ3726, 3729 + [OIII]λλ4959, 5007)/Hβ (R23 )
emission line ratio is one of the most widely used metallic-
ity diagnostics due to its direct use of the oxygen emission
lines with a large amount of calibrations using this particu-
lar emission line ratio (Pagel et al. 1979, 1980; Edmunds &
Pagel 1984; McCall et al. 1985; Dopita & Evans 1986; Torres-
Peimbert et al. 1989; McGaugh 1991; Zaritsky et al. 1994;
Pilyugin 2000; Charlot & Longhetti 2001; Kewley & Dopita
2002; Kobulnicky & Kewley 2004). A more complex method
of determining the metallicity is by using an iterative
method presented in Kobulnicky & Kewley (2004, hereafter
KK04). The KK04 metallicity diagnostic uses the R23 line
ratio together with the [OIII]λλ4959, 5007/[OII]λλ3726, 3729
O32 emission line ratio to simultaneously determine the
metallicity and ionization parameter. The R23 metallicity
diagnostic has a strong dependence on the ionization pa-
rameter, making it an ideal diagnostic when determining
the metallicity distribution of a galaxy with large ionization
parameter variations.
3.2.4 O3N2
([OIII]λ5007/Hβ)/([NII]λ6583/Hα) (O3N2 Pettini & Pagel
2004, hereafter PP04) is another very popular metallicity
diagnostic. O3N2 uses the emission lines that are commonly
used on the BPT diagram to determine the metallicity. The
emission lines involved in the O3N2 metallicity diagnostic
are close enough in wavelength that differential extinction
(ie. reddening) is minimal. Metallicity varies linearly with
the O3N2 emission line ratio, allowing for easy and fast cal-
culations. The only drawback of the O3N2 metallicity di-
agnostic is that it appears to depend heavily on ionization
parameter (Kewley et al. 2019, ARAA, in press), which is
not taken into account by PP04. This could lead to poten-
tial systematic errors in the metallicity calculations if there
is a large variation in ionization parameter throughout the
galaxy.
3.2.5 N2Hα
[NII]λ6583/Hα (N2Hα Storchi-Bergmann et al. 1994;
Raimann et al. 2000; Denicolo´ et al. 2002; Pettini & Pagel
2004) is another common metallicity diagnostic. Like O3N2,
N2Hα utilizes emission lines that are close in wavelength
to minimise extinction correction, allowing for metallicity
measurements where the Balmer ratio can not be reliably
determined. Because of the simplicity of only needing two
relatively strong emission lines, N2Hα is the most popular
high redshift metallicity diagnostic. We use the N2Hα cali-
bration by PP04 for this paper. However, the N2Hα metal-
licity diagnostic also appears to have a strong dependence on
ionization parameter (Kewley et al. 2019, ARAA, in press),
resulting in possible systematic errors when using the metal-
licity diagnostic in its current form.
3.2.6 N2S2
The newest metallicity emission line diagnostic that will
be used in our analysis involves the Hα, [NII]λ6583 and
[SII]λλ6717, 6731 emission lines (N2S2 Dopita et al. 2016).
The N2S2 diagnostic uses a combination of the [NII]/Hα
and [NII]/[SII] emission line ratios in the following sum
log([NII]/[SII])+0.264 × log([NII]/Hα). N2S2 provides the
best of both worlds as the wavelength gap between Hα,
MNRAS 000, 1–24 (2018)
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Figure 4. Radial Hα surface brightness profiles for Hii regions
and DIG regions using the [SII]/Hα Hii classification scheme. The
shape of the radial profiles look almost identical with the Hii
regions being significantly brighter than the DIG regions.
[NII] and [SII] is small enough to ignore for the purposes
of extinction correction and is insensitive to changes in the
ionization parameter due to the inclusion of the [NII]/[SII]
emission line ratio.
3.3 Error Propagation
To propagate line flux errors produced by LZIFU through
to the metallicity calculations, we simulate 1000 maps for
all emission lines used in the calculation. The maps are cre-
ated such that the fluxes are Gaussian distributed within
the LZIFU standard deviation for that emission line.
Using the simulated line maps, metallicity maps are
created for each metallicity diagnostic. The non-linearity of
some of the metallicity diagnostics means that the metallic-
ity distributions are not necessarily Gaussian. To represent
the spread of metallicity, we determine the distance from the
true value to the 16th and 84th percentiles and calculate the
average. This provides us with a measure of the error of the
metallicity maps which are then propagated to the gradient
errors.
4 RESULTS
Using the [SII]/Hα Hii classification scheme, we analyze the
basic properties of the DIG regions. Figure 4 shows the Hα
surface brightness radial profiles of Hii regions and DIG re-
gions for spaxels where S/N(Hα)> 3 and S/N(Hβ)> 3 at the
native resolution. We note that the surface brightness pro-
file shapes of the two regions are extremely similar, with the
Hii regions being consistently brighter than the DIG regions
by about 0.6 dex. As expected, the peak of the Hα surface
brightness occurs at the centre. However, an increase in sur-
face brightness of about 0.2 dex from the previous radial bin
happens at R/Re = 0.6 corresponding to the location of the
spiral arms.
Figure 5 shows that there are more DIG spaxels than
Hii region spaxels at each radial bin, with the Hii regions
peaking at 45% of the total spaxels at the location of the

Figure 5. The number of spaxels classified as Hii and DIG using
the [SII]/Hα Hii classification scheme. There are vastly more DIG
spaxels than Hii spaxels at all radii. The number of Hii region
spaxels peaks at R/Re = 0.6, corresponding to the location of
the spiral arms. The number of DIG spaxels steadily increases at
larger radii due to the increase in area but flattens as detection
of faint regions becomes difficult.
Figure 6. The Hα luminosity radial profile of M83. The luminos-
ity profiles of Hii and DIG regions are almost identical meaning
that the total Hα luminosity is almost evenly contributed by Hii
regions and DIG regions. Even though Hii regions are significantly
brighter (Figure 4), there are far more DIG regions (Figure 5) to
contribute to the luminosity.
spiral arms. For the [SII]/Hα classification scheme, just 12%
of spaxels are classified as Hii regions (Table 3). The number
of spaxels for both Hii and DIG regions steadily increase
until we reach the spiral arms (R/Re = 0.6). Beyond this
radii, the number of detected spaxels begins to drop due to
surface brightness limits.
The combination of Figure 4 and Figure 5 gives the Hα
luminosity profile. Figure 6 presents the Hα luminosity pro-
file for Hii and DIG regions. The shape of these two profiles
are very similar with only slight variations. Up to the spi-
ral arms (R/Re = 0.6), the total Hα luminosity is slightly
dominated by the Hii regions. Beyond the spiral arms, the
DIG regions contribute approximately half of the overall Hα
luminosity in radial annuli.
For each resolution scale, we create spatially resolved
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metallicity maps and their associated error maps using the
metallicity diagnostics described in Section 3. Some of these
metallicity diagnostics rely on the detection of emission lines
that are relatively weaker than others. For example, R23 and
N2O2 rely on the accurate detection of the [OII] emission
doublet which drastically reduces the amount of usable spax-
els in their metallicity maps. Only 2674 (3%) spaxels out of
the total 72111 spaxels within 1.5 Re have [OII] emission
with a S/N > 3. Metallicity diagnostics which use stronger
emissions lines and do not require extinction correction such
as N2S2 and N2HA have metallicity maps which cover a
larger fraction of the galaxy, even in the areas dominated
by DIG where the [OII] emission flux typically has S/N <
3. The [NII], [SII] and Hα emission lines all have over 57000
(79%) spaxels within 1.5Re with a S/N > 3.
When determining the radial metallicity gradients at
each resolution, we first correct for the observed ellipticity
of the galaxy using the ellipticity and PA listed in Table 1.
We then use the robust line fitting program LTS LINEFIT
(Cappellari et al. 2013) to fit a linear trend to the metallicity
gradient at each resolution, propagating the uncertainty in
metallicity through. The gradients are then normalized by
the effective radius (Re) of the galaxy to remove the size
dependence of metallicity gradients (Sa´nchez et al. 2014;
Ho et al. 2015; Sa´nchez-Menguiano et al. 2016). Sa´nchez-
Menguiano et al. (2018) found wide-spread deviations from
single linear metallicity gradients and instead uses multiple
linear gradients to more accurately fit the radial metallicity
distribution. For this study we adopt a single linear fit to
our metallicity gradients.
Figure 7 shows the measured metallicity gradients of
M83 for the five chosen metallicity diagnostics at the five
different spatial resolutions using the [SII]/Hα DIG classifi-
cation scheme. We show the same plots for the HIIphot and
Hα surface brightness (SB) Hii classification schemes in the
supplementary material. In each panel we show the metal-
licity as a function of radius and fit the metallicity gradient
using only Hii regions (red), DIG regions (blue) and the full
set (black) of spaxels. The median error of each panel is
shown as black bars in the bottom left corner. Throughout
this work we consider the radial metallicity gradient of the
Hii regions at the 41 pc to be the true metallicity gradient of
M83. It is also important to note that the measured metal-
licity gradients of the DIG regions is non-physical and does
not represent the true metallicity of the DIG. To measure
the metallicity of the DIG, you need to apply a metallicity
diagnostic which was specifically calibrated for DIG ionisa-
tion mechanisms (e.g. Kumari et al. 2019). We simply apply
the Hii region calibrated diagnostics to the DIG regions to
show how the emission line ratios of the DIG are handled
by current emission line diagnostics.
We summarise Figure 7 in Figure 8 by plotting the
metallicity gradient as a function of spatial resolution. The
dashed red line represents the observed metallicity gradient
when applying DIG corrections at the given resolution af-
ter contamination has already occurred. For example, the
dashed red line in the [SII]/Hα classification column at 502
pc represents the observed metallicity gradient when using
combined emission spaxels at 502 pc and applying Hii and
DIG separation methods outlined in Section 3.1.1 and Sec-
tion 3.1.2. At the native resolution of 41pc, the dashed red
line is exactly the same as the red solid line. The original
method outlined by Kaplan et al. (2016) requires a minimum
of 200 spaxels in order to determine the characteristic Hii
and DIG [SII]/Hα emission line ratio. When applying this
method to the lower resolution scales with an insufficient
spaxel count, we instead use brightest and dimmest 5% of
spaxels. We do not attempt to use HIIphot at coarse res-
olution scales as it is optimised for high spatial resolution
data and will likely fail at kiloparsec resolutions.
The red line representing the change in Hii region metal-
licity gradient with resolution demonstrates the effects of
pure spatial smoothing. The black line demonstrates the ef-
fects of both spatial smoothing and DIG contamination. Fig-
ure 8 shows that for the R23 , N2O2 and O3N2 metallicity
diagnostics, M83 possesses a negative metallicity gradient.
However, for the N2Hα and N2S2 metallicity diagnostics,
M83 has a positive metallicity gradient. This highlights the
significant differences in metallicity gradient calculations be-
tween different metallicity diagnostics.
In general we see very similar trends from all the classi-
fication schemes across all metallicity diagnostics. The only
outstanding difference occurs when applying a Hα surface
brightness cut to the N2Hα metallicity diagnostic at 1005
pc.
4.1 The Impact of Different Metallicity
Diagnostics
Figure 8 show 3 different types of patterns. The metallicity
gradient from both the DIG regions and full set of spaxels
of the R23 and N2O2 metallicity diagnostics tend to diverge
away from the metallicity gradient of the Hii regions, be-
coming shallower with coarser resolution. We expect spa-
tial smoothing to flatten steeper gradients at a quicker rate.
However, since the metallicity gradients of the combined
spaxels and DIG regions appear to be flattening quicker
than the steeper Hii region metallicity gradients, another
effect aside from DIG contamination must be present.
For the O3N2 metallicity diagnostic, the metallicity gra-
dient of the full set of spaxels converge to the metallicity
gradient of the Hii regions as we move to coarser resolution
scales, with agreement between the two at the 1005 pc scale.
The metallicity gradient of the DIG regions tends to remain
a relatively fixed offset (∼0.075 dex/Re) from that of the Hii
regions.
The N2Hα and N2S2 metallicity diagnostics appear to
be the most impacted by DIG contamination. Except for the
N2Hα metallicity diagnostic with the Hα DIG classification
scheme, the metallicity gradient of the full sample appears to
be tied to the DIG metallicity gradient. The N2S2 metallic-
ity gradients produce significantly steeper metallicity gradi-
ents in the DIG regions compared to Hii regions as opposed
to shallower metallicity gradients in the other 3 metallicity
diagnostics. The N2Hα metallicity DIG gradients appear to
be flat at all resolution scales.
Although the systematic differences between the various
metallicity diagnostics will not be discussed in detail in this
paper, it is important to note that between different metal-
licity diagnostics, the metallicity gradient of Hii regions do
not agree with each other. Part of the differences seen be-
tween the Hii metallicity gradients seen in Figure 8 is caused
by the different set of spaxels available to each diagnostic.
Figure 9 shows the metallicity gradients of Hii regions where
MNRAS 000, 1–24 (2018)
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the same set of spaxels are used for all metallicity diagnos-
tics. Figure 9 clearly demonstrates the lingering issues that
exist between the different metallicity diagnostics. Using the
Sloan Digital Sky Survey (SDSS), Kewley & Ellison (2008)
provides empirical conversions for a suite of metallicity di-
agnostics and calibrations for aperture metallicities. Until a
similar study has been done for metallicity gradients, metal-
licity gradients determined from different metallicity diag-
nostics should not be compared to one another.
MNRAS 000, 1–24 (2018)
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Figure 7. Metallicity gradient linear fits for each metallicity diagnostic at each resolution scale. Red points represent Hii regions and blue points represent the DIG regions. The black
line shows the combined, non-separated metallicity gradients. We provide the median error of each panel in the bottom left corner. Hii and DIG regions are separated using the [SII]/Hα
classification scheme.
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Figure 8. We summarise the results of Figure 7 by plotting the metallicity gradients of each DIG classification scheme as a function of resolution scale. The red dashed line represents
the metallicity gradient when the DIG classification scheme is applied after DIG contamination has occurred. Further detail is given in Section 4. We provide all values for metallicity
gradient fits in Appendix A.
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Figure 9. Metallicity gradients of Hii regions where each diag-
nostic is restricted to using the same set of spaxels at each reso-
lution scale. This highlights the significant systematic differences
between the different metallicity diagnostics even when the same
Hii region spaxels are used.
Hii spaxels
Diagnostic [SII]/Hα HIIPhot Hα SB
R23 0.14 0.25 0.15
N2O2 0.17 0.28 0.18
O3N2 0.48 0.74 0.56
N2Hα 0.86 0.93 0.90
N2S2 0.86 1.00 1.00
Table 3. Fraction of Hii region spaxels with metallicity estimates
at 41 pc. As the metallicity diagnostics require less emission lines
or use stronger detected emission lines, the fraction increases.
These fractions are relative to the numbers presented in Table 2.
5 DISCUSSION
5.1 Low Surface Brightness Regions
Spatial smoothing and diffuse ionized gas (DIG) contamina-
tion are not the only factors which affect the metallicity gra-
dient when using coarser resolutions. Metallicity diagnostics
that use weak or low S/N emission lines have fewer spaxels
with which to determine the metallicity gradients. As the
data is smoothed, the S/N increases, meaning spaxels con-
taining lower surface brightness emission are now included
in the gradient determination.
In our data, metallicity diagnostics that use [OII] such
as R23 and N2O2 are more impacted by low surface bright-
ness (LSB) regions than other diagnostics. Furthermore, as
each diagnostic uses different sets of emission lines, they will
also have different sets of LSB spaxels and will be affected
differently by their inclusion. Different Hii region classifi-
cation schemes also contribute to differences in the set of
spaxels used. Figure 8 demonstrates that the general trends
are preserved regardless of which classification is used, so
we therefore select the [SII]/Hα classification scheme as our
fiducial model for the following discussion.
In this paper, we do not separate the effects of spatial
smoothing and the inclusion of LSB Hii region spaxels. We
briefly discuss the effects of LSB regions in Section 5.2.
5.2 Spatial Smoothing
Several factors are believed to be contributing to metallicity
gradient flattening, including the effect of spatial smoothing.
Spatial smoothing is the effect of averaging regions of high
and low metallicity together when using larger spaxel sizes.
The effect of spatial smoothing is most prominent with steep
gradients and obviously does not affect galaxies that possess
flat gradients (e.g. NGC 5474 Mast et al. 2014).
The change in metallicity gradient with resolution in
the pure Hii region data demonstrates this effect of spatial
smoothing. Overall in Figure 8 we can see that Hii region
metallicity gradients generally remain constant, with all the
Hii metallicity gradients remaining within ±0.01 dex for the
[SII]/Hα classification scheme and within ±0.02 dex for HI-
Iphot and the Hα classification scheme.
As mentioned in Section 5.1, LSB Hii regions (where e.g.
[OII] is not of sufficient S/N), are also impacting the change
in the Hii region metallicity gradient with resolution. Table
3 and 4 reveal that the R23 and N2O2 metallicity diagnostics
are only possible in a very small fraction of spaxels. This is
mostly driven by the lower S/N of [OII], which is due to
the higher noise in the blue part of the TYPHOON spectra.
We therefore expect R23 and N2O2 to be the most heavily
affected by the effects of the inclusion of LSB regions as
we decrease the resolution. The R23 and N2O2 Hii region
metallicity gradients are flattened relatively more compared
to those calculated using the N2Hα and N2S2 metallicity
diagnostics. However, this is also consistent with the fact
that R23 and N2O2 have steeper gradients to begin with
and are therefore naturally more affected by pure spatial
smoothing.
For the following sections, we emphasise once again that
these metallicity diagnostics can not be applied to emission
originating from the DIG. However, we apply them to the
DIG regions in order to assist the reader in understand-
ing the effects of DIG contamination and refer to them as
”DIG metallicity gradients” for simplicity. The DIG metal-
licity gradients are clearly affected by more than just spatial
smoothing. The DIG metallicity gradients from the N2S2
metallicity diagnostic become steeper (-0.095 dex/Re at 41
pc to -0.181 dex/Re at 1005 pc with the [SII]/Hα classifi-
cation scheme) as we decrease the resolution. Whereas the
DIG metallicity gradients from the R23 and N2O2 metallic-
ity diagnostics start off with a negative gradient (-0.005 and
-0.019 dex/Re respectively with the [SII]/Hα classification
scheme) and are positive at the 1005 pc resolution (0.081
and 0.036 dex/Re respectively with the [SII]/Hα classifica-
tion scheme). The O3N2 and N2Hα DIG metallicity gradi-
ents appear to remain fairly constant and relatively unaf-
fected (within ±0.02 dex/Re) by the decreasing resolution.
The steepening of the negative DIG metallicity gradient of
N2S2 and transition from negative to positive metallicity
gradient of the R23 and N2O2 diagnostics can not be ex-
plained by spatial smoothing alone.
Table 4 shows the ratio of DIG spaxels with metallicity
measurements. The R23 and N2O2 metallicity diagnostics at
a resolution scale of 41 pc are measuring the metallicity gra-
dient of the DIG using only 1% and 2% of the total amount
of DIG spaxels respectively. As we increase the spaxel size,
we gradually include more LSB DIG regions which causes
the DIG metallicity gradient to steepen towards the positive
MNRAS 000, 1–24 (2018)
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DIG spaxels
Diagnostic [SII]/Hα HIIPhot Hα SB
R23 0.01 0.01 0.01
N2O2 0.02 0.02 0.01
O3N2 0.07 0.09 0.04
N2Hα 0.29 0.32 0.26
N2S2 0.68 0.68 0.65
Table 4. Same as Table 3 for DIG spaxels.
direction. As we are only starting with 1% and 2% of DIG
spaxels, the DIG metallicity gradient continues to steepen
all the way to the coarsest resolution.
For the N2S2 metallicity diagnostic, we are measuring
the DIG metallicity gradient with 68% of DIG spaxels at
a resolution scale of 41 pc. Since most of the DIG spaxels
are already included at the finest resolution, less binning
is needed to include all the emission from the LSB DIG
regions. At a resolution of about 330 pc, the N2S2 DIG
metallicity gradients stop steepening and remain constant
within the uncertainties for coarser resolution scales. This
is likely due to all the LSB DIG spaxels being included at
the 330 pc scale and pure spatial smoothing happening as
we continue to degrade the resolution. Although the O3N2
metallicity diagnostic only uses 7% of DIG spaxels at a res-
olution scale of 41 pc, the DIG metallicity gradients remain
within ±0.02 dex/Re at all resolution scales. This suggests
that the ([OIII]/Hβ)/([NII]/Hα) emission line ratio is rela-
tively independent of Hα surface brightness, and hence the
inclusion of low surface brightness DIG spaxels has no effect
on the emission line ratio radial profile.
It is difficult to assess how the N2Hα DIG metallicity
diagnostic evolves with varying spatial resolution. We expect
the [NII]/Hα ratio to increase in DIG regions, and hence the
N2Hα metallicity. However, the PP04 N2Hα metallicity di-
agnostic imposes an upper and lower limit on the [NII]/Hα
line ratio. Most of the DIG spaxels lie above this upper limit,
meaning that most of the DIG is removed from the metal-
lictity gradient measurements. This upper limit can be seen
clearly in Figure 7. Table 4 shows that only ∼29% of DIG
spaxels lie within the limits of this diagnostic.
5.3 DIG Contamination of Hii Regions
At increasingly coarse resolution scales, the boundary be-
tween Hii regions and the DIG becomes unclear, leading to
an increasing DIG contamination in the Hii region emission
line spectrum. DIG dominated regions have different ion-
ization mechanisms and tend to have increased line ratios
([SII]/Hα, [NII]/Hα) compared to Hii regions (Blanc et al.
2009; Zhang et al. 2017). The inclusion of DIG therefore sys-
tematically alters the line ratios of affected spaxels, leading
to changes in their metallicity measurements.
As discussed in Section 4.1, Figure 8 shows that the R23
and N2O2 metallicity diagnostic gradients of the full set of
spaxels diverges away from those determined using only pure
Hii region spaxels. If metallicity gradient flattening for the
full set of spaxels was solely due to spatial smoothing, we
would be expecting these two quantities to converge since
spatial smoothing has a bigger effect on steeper gradients.
Figure 10 shows the relationship between the flux of
various strong emission lines and Hα. An almost linear rela-
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Figure 10. An almost linear relationship is seen between the Hα
flux and all other strong emission line fluxes. This means that
Hα can be used as a proxy for the strength of all other strong
emission lines. [OII] and [OIII] have the greatest scatter from a
linear relationship but can still be sufficiently described by the
Hα flux.
tionship is seen amongst all the strong emission lines. This
means that when spaxels are merged together at coarser
resolution scales, the resulting emission line ratio is a lumi-
nosity weighting of the line ratios of the individual spaxels.
We can therefore determine how much of an impact DIG
contamination has on emission line ratios by looking at the
amount of Hα flux contributed by the DIG. We determine
the Hii dominance in each coarse-resolution spaxel by taking
the ratio of the Hα surface brightness of the Hii region dat-
acube relative to that in the combined emission datacube.
We then take the median of each radial bin to create a radial
profile of the Hii dominance. As each metallicity gradient is
measured using a different set of spaxels, we create a Hii
region dominance profile for each metallicity diagnostic at
every resolution scale above native (41 pc). This shows how
each metallicity diagnostic is affected differently by DIG con-
tamination.
From Figure 11, we can see that DIG contamination af-
fects each diagnostic differently and the Hii dominance pro-
file is constantly changing at each resolution. As the resolu-
tion is decreased, the differences between the Hii dominance
profiles begin to disappear since at the coarsest resolution,
the set of spaxels used for each metallicity diagnostic are
essentially the same.
The Hii dominance profiles of R23 and N2O2 are the
same to within 10% of each other. This is expected as both
diagnostics are both limited by the [OII] emission line. At
a resolution scale of 150 pc, the Hii dominance profile has
a spike at approximately R/Re = 0.6 corresponding with
the location of the spiral arms. At the resolution scales of
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330 and 502 pc, the Hii dominance profile consistently stays
within 30% - 50%.
The inner-most radial bin (0 < R/Re < 0.25) for R23
and N2O2 demonstrates the transition from being domi-
nated by sheer number of DIG spaxels to luminosity weight-
ing at 1005 pc. When fitting the metallicity gradients, Hii re-
gion and DIG region spaxels are numerically weighted rather
than luminosity weighted, meaning that a large number of
DIG spaxels is able to overcome a small number of higher
luminosity Hii region spaxels. However, the merging of spax-
els is a luminosity weighted action. As there are a relatively
small number of DIG spaxels compared to their surface
brightness in the inner radii, the higher surface brightness
Hii regions dominate in this process. However, in the outer
regions, the Hii dominance remains stable within 30% - 50%
. This is because in the outer regions, there exists sufficient
DIG spaxels to overcome the higher surface brightness Hii
regions.
The O3N2 and N2S2 Hii dominance profiles demon-
strates the transition from numeric weighting to luminosity
weighting at all radii rather than just the inner radii as seen
in R23 and N2O2. Since the O3N2 and N2S2 diagnostics
use very strong emitting lines (no [OII] dependence), at fine
resolution scales, the large number of DIG spaxels numeri-
cally dominate metallicity gradient determinations over the
fewer more luminous Hii regions. As we move to coarser res-
olution scales, luminous Hii regions dominate the emission
in increasingly more spaxels until the final Hii dominance
profile at 1005 pc resembles the other diagnostics.
While the DIG remains within the calibration limits
of the R23 , N2O2, O3N2 and N2S2 diagnostics, the same
is not true for the N2Hα diagnostic. Since the DIG has a
significantly enhanced [NII]/Hα ratio, the upper limit re-
moves most of these spaxels from the metallicity gradient
calculation. Due to the inherent nature of the [NII]/Hα cal-
ibration, the weighting effect caused by the sheer number
of DIG spaxels is severely reduced. A negative gradient Hii
dominance profile is persistent throughout every resolution
scale.
Figure 12 shows the changes in the emission line ra-
tio profiles of M83 at the coarse resolution scales. As ex-
pected, the emission line ratio profiles of Hii regions are
relatively unchanged as we decrease the resolution across
all diagnostics. The emission line profiles of the DIG re-
gions change significantly with decreasing resolution in the
([OII]+[OIII])/Hβ and [NII]/[OII] emission line ratios. This
is a result of the inclusion of emission from LSB regions
at coarser resolution scales. However, from Table 4 we see
that the ([OIII]/Hβ)/([NII]/Hα) emission line ratio should
also be significantly affected by the inclusion of LSB regions
as very few DIG spaxels are present at the native resolu-
tion. The ([OIII]/Hβ)/([NII]/Hα) emission line ratio profile
remains relatively unchanged across all resolution scales de-
spite the inclusion of LSB regions. This suggests that LSB
DIG regions have similar ([OIII]/Hβ)/([NII]/Hα) emission
line ratios to the high surface brightness (HSB) DIG regions,
while being significantly different for the ([OII]+[OIII])/Hβ
and [NII]/[OII] emission line ratios.
For the ([OII]+[OIII])/Hβ and [NII]/[OII] emission line
ratio profile, we can see a clear difference between the pro-
files of the Hii and DIG regions. For both of these emission
line ratios, the Hii regions and DIG regions exhibit opposite
radial gradients at the coarsest resolution scale. The upper-
branch (12+log(O/H)>8.5) of the R23 metallicity diagnos-
tic is approximately a one-to-one anti-correlated function of
the ([OII]+[OIII])/Hβ emission line ratio. From Figure 12
we can easily see that the Hii regions have a positive radial
gradient in the ([OII]+[OIII])/Hβ emission line ratio, lead-
ing to a negative metallicity gradient, while the DIG has a
negative radial gradient in the ([OII]+[OIII])/Hβ emission
line ratio, causing the observed positive metallicity gradi-
ent in the DIG regions. Conversely, the N2O2 metallicity
diagnostics is a one-to-one positively correlated function of
the [NII]/[OII] emission line ratio. We see that for Hii re-
gions, the [NII]/[OII] emission line ratio has a negative ra-
dial gradient, which produces the negative metallicity gra-
dient. The DIG regions have a positive radial gradient for
the [NII]/[OII] emission line ratio, leading to the positive
metallicity gradient in the DIG regions.
By combining Figure 11 and Figure 12, we can get an
understanding of how the DIG can severely affect the mea-
sured metallicity gradient at low resolution scales where Hii
and DIG emission can not be separated. The dominance
profiles for R23 and N2O2 are approximately constant at
around 0.4 and show a negative radial gradient at the coars-
est resolution scale. If we combine the Hii region and DIG
region emission line ratio profiles together using Figure 11
as weights, we can see that the metallicity gradient would be
flattened as a result. With Hii regions and DIG regions hav-
ing opposite emission line ratio gradients and the constant
Hii dominance profile at 0.4, the Hii region and DIG regions
cancel each other out, leaving a flat emission line ratio profile
and hence no metallicity gradients when combined.
Applying this same process to the other metallicity di-
agnostics explains most of the behavior that we see in Figure
8. The O3N2 metallicity diagnostic is a negative linear fit to
the ([OIII]/Hβ)/([NII]/Hα) emission line ratio. The O3N2
Hii dominance profile shows us that the metallicity gradient
fit is initially dominated by DIG, with the Hii regions slowly
taking over in the inner-sections of the galaxy as we decrease
the resolution. Neither the Hii region or DIG region emission
line ratio profiles change significantly as a function of reso-
lution. This means that as the inner-sections of the galaxy
tend towards the Hii regions while the outer regions remain
the same, we end up with a steepening of the metallicity
gradient as we decrease the resolution scale.
The [NII]/Hα emission line ratio profiles for Hii regions
and DIG regions undergo no changes as we decrease the res-
olution. This is due to the upper limit of the N2Hα metal-
licity diagnostic which places boundaries on [NII]/Hα for
which the diagnostic can be used. The N2Hα metallicity di-
agnostic is a one-to-one positively correlated function with
the [NII]/Hα emission line ratio. There is a very small pos-
itive gradient in the Hii region [NII]/Hα emission line ratio
profile which causes the positive metallicity gradient. The
[NII]/Hα emission line profile for the DIG regions shows
that its lowest emission line ratio occurs at [NII]/Hα = −0.3.
This coincidentally corresponds to the upper limit of the
N2Hα metallicity diagnostic which can only be used for
−2.5 <[NII]/Hα < −0.3. This explains why the DIG metal-
licity gradients are flat for the N2Hα metallicity diagnostic
at all resolution scales. As the resolution is decreased, the
[NII]/Hα ratio can only increase from its lowest point of
[NII]/Hα = −0.3. Since anything above [NII]/Hα > −0.3 is
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simply cut by the boundaries of the calibration, nothing but
a flat gradient can exist.
Since the Hii regions are also positioned quite close to
the upper limit ([NII]/Hα = −0.4), as the resolution is de-
creased, the combined emission also exceeds this upper limit,
causing the flat metallicity gradients. Based off of the Hii
region dominance profiles of the other 4 metallicity diagnos-
tics and the emission line ratio radial profile of [NII]/Hα,
we would expect to see a positive metallicity gradient at low
resolution scales for lower metallicity galaxies where we do
not exceed the upper limit. The high Hii region dominance
in the inner-region combined with the increased DIG dom-
inance and increasing [NII]/Hα ratio in the outer regions
lead to an overall positive [NII]/Hα emission line ratio ra-
dial profile.
Much like the [NII]/Hα emission line ratio, the
log([NII]/[SII]) + 0.264× log([NII]/Hα) emission line ratio
also does not change significantly as we decrease the reso-
lution scale. This is expected since the majority of spaxels
already have a metallicity estimate and thus the impact of
including emission from LSB regions is minimal. The N2S2
metallicity diagnostic is very closely approximated by a lin-
ear fit with a gradient of 1. The Hii dominance profile of the
N2S2 metallicity diagnostic makes it very clear why the com-
bined metallicity gradient is almost perfectly tied with the
DIG metallicity gradient. Similar to the O3N2 metallicity
diagnostic, the Hii dominance profile of N2S2 starts off with
a very low Hii dominance at all radii with the inner-section
becoming more Hii dominated relative to the outer radii as
we decrease the resolution. We can clearly see that the Hii
regions have a higher log([NII]/[SII]) + 0.264× log([NII]/Hα)
emission line ratio at all radii compared to the DIG, meaning
a higher absolute metallicity overall. The flat radial distri-
bution of the Hii regions means that it does not compensate
for the DIG emission like the R23 and N2O2 metallicity di-
agnostics, meaning the combined emission metallicity gradi-
ents are dictated by the DIG emission.
5.4 Implications for Low Resolution Observations
As we have thoroughly demonstrated, measurements of the
radial metallicity gradient deviate significantly from the true
metallicity gradient as we decrease the spatial resolution. We
have shown that contamination by the DIG and LSB regions
have a far greater effect on the metallicity gradient than
spatial smoothing. This means that the removal of DIG is
an extremely important step in determining accurate radial
metallicity gradients.
Ideally, the best method of obtaining the true metallic-
ity gradient is to isolate the pure Hii regions, however this
is not always possible at higher redshift due to the limits of
angular resolution. Therefore, we require either a metallic-
ity diagnostic that is less sensitive to the DIG or some way
to estimate and correct for the DIG contamination at the
resolution of our observations.
The dashed red lines in Figure 8 show how each Hii
classification scheme performs at coarser resolution scales.
In most cases, attempting to correct for DIG after contami-
nation has occurred, results in metallicity gradients closer to
their true value, with benefits diminishing as the resolution is
decreased. For the [SII]/Hα Hii classification scheme, apply-
ing the DIG correction either improves metallicity gradient
measurements or has no effect for all metallicity diagnostics
and resolution scales used. For the N2O2, N2HA and O3N2
metallicity diagnostic using the Hα surface brightness Hii
classification scheme, applying a DIG correction at 1005 pc
results in a worse measurement of the metallicity gradient.
Figure 12 shows that the radial emission line ratio pro-
files of the DIG is often in the opposite direction to the Hii
region profiles. Any amount of DIG contamination would
lead to shallower metallicity gradients. Applying the Hii
classification scheme to contaminated data removes all of
the ’pure’ DIG spaxels, but is unable to remove spaxels that
contain a mixture of Hii and DIG regions. By removing the
’pure’ DIG spaxels, we are improving the measurement of
the metallicity gradient but are unable to remove the effects
of DIG completely.
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Figure 11. Here we show the median fraction of flux originating from Hii regions in radial bins of 0.25Re for each metallicity diagnostic at each binned resolution based on the spaxels
used in each metallicity gradient fit. Since each metallicity gradient fit uses a different set of spaxels, the Hii dominance profiles are different for each metallicity diagnostic. The difference
in Hii dominance profiles is dictated by which emission lines are used in the metallicity diagnostics. R23 and N2O2 have essentially identical profiles due to the limitations imposed by
the [OII] emission line. At a resolution of 1005 pc, all metallicity diagnostics are basically using the same spaxels, hence the Hii dominance profiles are very similar.
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Figure 12. The emission line ratio profiles of each metallicity diagnostic at each binned resolutions in radial bins of 0.25Re . The Hii region emission line ratios are largely unaffected
by decreasing the resolution scales. However, the DIG emission line ratios are significantly different depending on how coarse the resolution scale is. The change in the DIG emission
line profiles are caused by the inclusion of LSB regions as the data is binned.
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6 SUMMARY
We have presented a systematic study of how the diffuse
ionized gas (DIG) affects the metallicity gradient determined
from a range of metallicity diagnostics using high spatial
resolution (41 pc) IFS data on the face-on spiral M83. We
separate the Hii and DIG regions using three different Hii
region classification schemes: the [SII]/Hα ratio, HIIphot
(Thilker et al. 2000) and the Hα surface brightness. Once the
regions have been separated, we rebin the datacubes to 150,
330, 502 and 1005 pc to simulate low resolution observations.
We find that the average Hα surface brightness of the
Hii regions is about 0.6 dex greater than the DIG regions
at a given radii for R/Re < 1.5. However, depending on
which Hii classification scheme is used, DIG and low surface
brightness spaxels comprise between 85% - 94% of spaxels
within R/Re < 1.5. Although Hii regions are significantly
brighter than the DIG regions, DIG region spaxels are vastly
more numerous. These two effects mean that the total Hα
luminosity is approximately contributed by 70% Hii region
emission and 30% DIG emission for R/Re < 1.5 in M83. The
spiral arms of M83 extend to about R/Re = 0.6, where the
Hα luminosity is 75% contributed from Hii regions. Beyond
this (0.6 < R/Re < 1.5), Hii regions contribute only 60% of
the total Hα luminosity.
Using five different metallicity diagnostics we calculate
the radial metallicity gradients as a function of resolution
and Hii region classification scheme. We find that the in-
clusion of DIG significantly affects the measured metallicity
gradient by more than we would expect from pure spatial
smoothing. Using a [SII]/Hα DIG classification scheme, the
R23 (Kobulnicky & Kewley 2004) and N2O2 (Kewley & Do-
pita 2002) metallicity gradients are significantly flattened by
the DIG by up to 0.048 dex/Re and 0.063 dex/Re respec-
tively. The O3N2 (Pettini & Pagel 2004) metallicity gradi-
ents are initially flattened by the DIG by 0.057 dex/Re at
150 pc, with the metallicity gradients steepening and con-
verging to within 0.02 dex/Re of the true metallicity gradi-
ent as the resolution is further lowered. The true metallicity
gradient of the N2S2 (Dopita et al. 2016) metallicity diag-
nostic is positive and relatively flat at 0.025 dex/Re. The
DIG induces a strong negative metallicity gradient of up to
-0.21 dex/Re, a deviation of 0.24 dex/Re from the Hii region
metallicity gradient.
Like the N2S2 metallicity gradient, the N2Hα (Pettini
& Pagel 2004) metallicity gradient is positive and relatively
flat at 0.034 dex/Re. The [NII]/Hα emission line ratio is sig-
nificantly enhanced in the DIG and exceeds the upper limit
of the metallicity calibration. Due to the high metallicity and
flat gradient of the Hii regions, any spaxels which are signif-
icantly affected by DIG will exceed the upper limit and be
removed from the metallicity gradient calculation. For M83,
the N2Hα metallicity gradient is unaffected by the DIG be-
cause of its proximity to the upper limit of the Pettini &
Pagel (2004) calibration.
As the spatial resolution is decreased from the native 41
pc to 1005 pc, the emission line ratios of the larger region are
a luminosity weighted average of the smaller regions within
it. To help untangle the evolution of the metallicity gradi-
ents with resolution, we present the Hii dominance profile of
M83. The Hii dominance profile shows the percentage of Hα
luminosity contributed by Hii regions as a function of ra-
dius. The Hii dominance profile clearly shows the transition
from a numerical weighted average at 41 pc to a luminosity
weighted average at 1005 pc.
Luminosity weighted averaging affects the emission line
ratios rather than the metallicities directly. We show the
emission line ratio profiles of the Hii and DIG regions as a
function of radius and resolution for each emission line ratio.
For all resolution scales, the emission line ratio radial pro-
files of Hii regions remains relatively unchanged. However
there appears to be significant changes to the DIG emission
line ratio profiles for ([OII]+[OIII])/Hβ and [NII]/[OII]. The
change in the emission line ratio profiles indicate the signif-
icance of low surface brightness regions. As resolution is de-
creased, more low surface brightness emission is included in
the spectrum, leading to significant changes in the emission
line ratio profiles of DIG regions. The origin of the low sur-
face brightness DIG emission is still uncertain, but is likely
due to a combination of photon leakage from Hii regions as
well as ionization from low-mass evolved stars. The differ-
ent ionizing mechanisms of the DIG cause the emission line
ratios to vary from what we would expect from Hii regions.
We find that the ([OIII]/Hβ)/([NII]/Hα) emission line
ratio radial profile is similar for both high surface bright-
ness DIG and low surface brightness DIG, meaning that de-
creasing the resolution to kiloparsec resolution scales does
not change the overall DIG emission line ratio profile.
([OII]+[OIII])/Hβ and [NII]/[OII] have different emission
line ratio radial profiles for the high and low surface bright-
ness DIG, leading to changes in the overall DIG emission
line ratio profiles as we decrease the resolution scales. Over-
all this means that the O3N2 emission line diagnostic will
provide the closest metallicity gradient to the pure Hii region
metallicity gradient at a resolution of 1005 pc, the resolution
scales of large galaxy surveys.
Finally we discuss the implications this study has for
low resolution observations where the DIG is difficult to re-
move due to the mixing of Hii and DIG regions. Based on
the DIG characteristics of M83, the emission line radial pro-
files of DIG tend to possess an opposite gradient to the Hii
regions to varying degrees at a resolution of 1005 pc, the
resolution scales of large galaxy surveys.
Applying the [SII]/Hα classification scheme at any res-
olution for all metallicity diagnostics used in this study will
yield a metallicity gradient closer to the metallicity gradi-
ent of pure Hii regions, but is unable to fully produce it.
The DIG contamination associated with coarser resolution
elements is unavoidable, but we are able to remove spaxels
which are almost completely comprised of DIG by applying
the [SII]/Hα cut.
It is not yet possible to correct for the DIG in
large galaxy surveys or high redshift observations without
analysing the DIG fractions and DIG emission line proper-
ties of multiple galaxies. We therefore recommend that when
measuring metallicity gradients at low spatial resolutions,
that a [SII]/Hα cut is used at resolution scales between 150
- 1005 pc to remove spaxels which are almost completely
comprised of DIG. When measuring metallicity gradients at
low resolution scales, it will inevitably be affected by DIG
and should be used with extreme caution.
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[SII]/Hα Cut
Diagnostic 41pc 150pc 330pc 502pc 1005pc
R23
Hii -0.072±0.005 -0.059±0.004 -0.052±0.006 -0.049±0.006 -0.046±0.007
Hii Low Res - -0.050±0.005 -0.038±0.008 -0.031±0.010 -0.002±0.008
Full -0.072±0.005 -0.040±0.005 -0.018±0.008 -0.020±0.010 0.002±0.015
DIG -0.005±0.010 0.002±0.007 0.040±0.009 0.037±0.012 0.081±0.019
N2O2
Hii -0.114±0.006 -0.105±0.005 -0.097±0.006 -0.096±0.007 -0.087±0.008
Hii Low Res - -0.089±0.006 -0.074±0.008 -0.062±0.011 -0.021±0.014
Full -0.080±0.005 -0.064±0.005 -0.044±0.007 -0.033±0.010 -0.024±0.013
DIG -0.019±0.007 -0.029±0.005 -0.001±0.009 0.019±0.010 0.036±0.017
O3N2
Hii -0.068±0.003 -0.058±0.006 -0.056±0.007 -0.050±0.009 -0.063±0.012
Hii Low Res - -0.026±0.007 -0.016±0.010 -0.015±0.012 -0.040±0.010
Full -0.034±0.003 -0.001±0.004 -0.008±0.006 -0.026±0.009 -0.043±0.010
DIG 0.002±0.003 0.029±0.004 0.024±0.006 0.015±0.008 0.009±0.012
N2Hα
Hii 0.034±0.002 0.024±0.004 0.025±0.006 0.026±0.007 0.027±0.009
Hii Low Res - 0.029±0.007 0.024±0.013 0.005±0.016 0.024±0.033
Full 0.019±0.001 0.015±0.004 0.026±0.007 0.012±0.009 -0.004±0.014
DIG -0.015±0.002 -0.011±0.004 0.003±0.007 -0.001±0.010 0.012±0.016
N2S2
Hii 0.025±0.003 0.024±0.005 0.026±0.009 0.030±0.010 0.036±0.013
Hii Low Res - -0.002±0.009 -0.009±0.013 -0.027±0.016 -0.011±0.037
Full -0.090±0.001 -0.150±0.003 -0.175±0.006 -0.210±0.009 -0.180±0.014
DIG -0.095±0.001 -0.151±0.003 -0.176±0.005 -0.182±0.006 -0.181±0.011
Figure A1. Metallicity gradient fits for Figure 7
HIIphot
Diagnostic 41pc 150pc 330pc 502pc 1005pc
R23
Hii -0.064±0.005 -0.058±0.006 -0.048±0.008 -0.052±0.008 -0.042±0.009
Hii Low Res - - - - -
Full -0.072±0.005 -0.040±0.005 -0.018±0.008 -0.020±0.010 0.002±0.015
DIG -0.071±0.009 -0.016±0.007 0.012±0.009 0.008±0.011 0.052±0.018
N2O2
Hii -0.075±0.006 -0.104±0.006 -0.095±0.008 -0.118±0.007 -0.079±0.010
Hii Low Res - - - - -
Full -0.080±0.005 -0.064±0.005 -0.044±0.007 -0.033±0.010 -0.024±0.013
DIG -0.067±0.008 -0.041±0.006 -0.014±0.008 -0.005±0.010 0.040±0.016
O3N2
Hii -0.034±0.004 -0.035±0.007 -0.046±0.010 -0.042±0.012 -0.054±0.014
Hii Low Res - - - - -
Full -0.034±0.003 -0.001±0.004 -0.008±0.006 -0.026±0.009 -0.043±0.010
DIG 0.003±0.003 0.018±0.004 0.020±0.006 0.007±0.008 0.018±0.011
N2Hα
Hii 0.025±0.004 0.009±0.007 0.040±0.010 0.040±0.011 0.046±0.013
Hii Low Res - - - - -
Full 0.019±0.001 0.015±0.004 0.026±0.007 0.012±0.009 -0.004±0.014
DIG 0.002±0.002 0.005±0.004 0.034±0.008 0.021±0.010 -0.015±0.013
N2S2
Hii -0.020±0.004 -0.027±0.009 -0.008±0.014 0.010±0.018 0.019±0.021
Hii Low Res - - - - -
Full -0.090±0.001 -0.150±0.003 -0.175±0.006 -0.210±0.009 -0.180±0.014
DIG -0.084±0.002 -0.144±0.003 -0.158±0.005 -0.172±0.007 -0.171±0.012
Figure A2. Metallicity gradient fits for Figure A4
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Hα Cut
Diagnostic 41pc 150pc 330pc 502pc 1005pc
R23
Hii -0.065±0.005 -0.056±0.006 -0.058±0.007 -0.050±0.008 -0.044±0.009
Hii Low Res - -0.040±0.006 -0.040±0.010 -0.034±0.013 0.022±0.027
Full -0.072±0.005 -0.040±0.005 -0.018±0.008 -0.020±0.010 0.002±0.015
DIG -0.074±0.018 0.008±0.012 0.029±0.013 0.043±0.012 0.063±0.021
N2O2
Hii -0.065±0.006 -0.085±0.005 -0.076±0.007 -0.080±0.007 -0.077±0.009
Hii Low Res - -0.066±0.007 -0.063±0.009 -0.033±0.013 0.007±0.032
Full -0.080±0.005 -0.064±0.005 -0.044±0.007 -0.033±0.010 -0.024±0.013
DIG -0.092±0.012 -0.057±0.012 -0.042±0.012 0.001±0.013 0.100±0.022
O3N2
Hii -0.022±0.003 -0.008±0.005 -0.007±0.007 -0.033±0.009 -0.042±0.011
Hii Low Res - 0.014±0.009 0.007±0.012 -0.016±0.019 0.009±0.036
Full -0.034±0.003 -0.001±0.004 -0.008±0.006 -0.026±0.009 -0.043±0.010
DIG 0.017±0.004 0.028±0.004 0.020±0.007 0.021±0.008 0.014±0.012
N2Hα
Hii 0.023±0.002 0.006±0.004 0.001±0.006 0.008±0.008 0.038±0.011
Hii Low Res - 0.003±0.010 0.021±0.016 0.035±0.023 -0.173±0.048
Full 0.019±0.001 0.015±0.004 0.026±0.007 0.012±0.009 -0.004±0.014
DIG -0.022±0.002 -0.023±0.004 -0.006±0.008 -0.016±0.010 -0.018±0.017
N2S2
Hii -0.022±0.003 -0.025±0.005 0.008±0.009 0.004±0.011 0.013±0.014
Hii Low Res - -0.032±0.009 -0.032±0.013 -0.062±0.018 -0.076±0.040
Full -0.090±0.001 -0.150±0.003 -0.175±0.006 -0.210±0.009 -0.180±0.014
DIG -0.082±0.002 -0.143±0.003 -0.167±0.005 -0.159±0.006 -0.180±0.011
Figure A3. Metallicity gradient fits for Figure A5
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Figure A4. Same as Figure 7 using the Hii regions defined by HIIphot.
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Figure A5. Same as Figure 7 using the Hii regions defined by the Hα surface brightness cut-off.
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Figure B1. The relationship between [SII]/Hα and the extinction corrected Hα surface brightness. We use the method by Kaplan et al.
(2016) to determine the amount of flux originating from Hii regions and DIG regions at the native resolution.
Figure B2. Calculation of the Hii region fraction at 150 pc
APPENDIX B: DEFINING Hii REGIONS BASED ON KAPLAN ET AL. 2016
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Figure B3. Calculation of the Hii region fraction at 330 pc
Figure B4. Calculation of the Hii region fraction at 502 pc
Figure B5. Calculation of the Hii region fraction at 1005 pc
MNRAS 000, 1–24 (2018)
Effects of DIG on Metallicity Gradients 27
DIG Fraction Parameters
Resolution log( f0) β
41 pc, Figure B1 1.05 0.61
150 pc 2.49 0.59
330 pc 3.56 0.85
502 pc 3.94 0.87
1005 pc 4.85 1.05
Figure B6. Fit parameters for Equation 1 at each resolution
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